Bi 2 Ba 2 Co 2 O x thermoelectric ceramics have been grown from the melt, using the laser floating zone method, at different growth rates (15, 30 and 90 mm/h). Microstructure has shown an improvement on the grain alignment and a reduction of secondary phases when the growth speed is decreased. These microstructural features have been reflected on the thermoelectric performances, with a reduction on the electrical resistivity and, as a consequence, an important increase on the power factor values, reaching ~0.15 mW/K 2 .m at 650 ºC for samples grown at 15 mm/h, much higher than the typical values obtained in this materials.
I. INTRODUCTION
Thermoelectric (TE) energy conversion has been shown as an effective technology that can be used to transform directly thermal to electrical energy without moving parts or other dissipative systems. Nowadays, TE power generation technology is regarded as one of the most promising methods to harvest energy from different natural and/or wasted heat sources. Furthermore, these materials can be also applied in classical energy transformation systems improving their efficiency. As a consequence, this promising technology would help to reduce CO 2 emissions in energy generation. On the other hand, TE materials with high-energy conversion efficiency are strongly required for electric power generation before they can be considered for practical applications.
The performances of these type of materials are quantified by the dimensionless figure of merit, ZT, which is defined as TS 2 /ρκ (where S is the Seebeck coefficient, T the absolute temperature, ρ the electrical resistivity and κ the thermal conductivity). From this definition, it can be easily deduced that a high performance TE material should possess a high Seebeck coefficient (or thermopower), with low electrical resistivity and thermal conductivity. 1 For the past two decades, intermetallic materials such as semiconductors, with high ZT, have been widely applied in various industrial and/or nonindustrial sectors, e.g.
automobile industry (mainly in exhaust system). Nonetheless, these materials have some drawbacks as low stability at high temperature, which can result in degradation, oxidation, and/or evaporation. Moreover, usually they are mainly composed of heavy and/or toxic elements. This situation has changed in 1997, by the discovery of large TE properties in Na The cobaltites crystal structure is formed by two different layers, which can be described as an alternate stacking of a common conductive CdI 2 -type CoO 2 layer with a twodimensional triangular lattice, and a block layer, composed of insulating rock-salt-type (RS) layers. The two sublattices (RS block and CdI 2 -type CoO 2 layer) possess common a-and c-axis lattice parameters and β angles while they have different b-axis length, causing a misfit along the b-direction. [7] [8] [9] [10] As a consequence of their crystal structure, layered cobaltites possess a very high crystallographical anisotropy which, in turn, produces a high electrical one. , it has shown a high reliability to obtain a good grain orientation in thermoelectric ceramic systems. 14 Moreover, due to the high thermal gradient produced in the solidification interface, it can produce textured ceramics at higher rates than the usual in other melt growth systems. As a consequence, the samples grown by this technique show a reduction of electrical resistivity, but usually lower than expected due to the simultaneous secondary phases formation. 15 On the other hand, previous studies on laser grown samples have shown that the textured samples produced by this technique possess, at the same time, higher Seebeck coefficient values than usual in these systems due to the raise on the oxygen vacancies. 16 In this context, the aim of the present study is studying the effect of growth rate on the microstructure and TE properties of Bi 2 Ba 2 Co 2 O x textured ceramics fabricated by the LFZ technique.
II. EXPERIMENTAL
The Bi 2 Ba 2 Co 2 O x polycrystalline samples used in this work were prepared using the 
III. RESULTS AND DISCUSSION
Powder XRD patterns for the Bi 2 Ba 2 Co 2 O x (222) samples grown at different rates are displayed (from 10 to 40 degrees, for clarity) in Fig. 1 . In this figure, the peaks corresponding to the cobaltite phase have been indexed in agreement with previously reported data, 18 while the peak at around 28.5 degrees, marked by a , corresponds to the BiBaO 3 secondary phase with m Fm _ 3 space group (#225). 19 From this figure, it is clear that 222 phase is the major one in 15 mm/h grown samples. However, when the growth rate is increased, 222 peaks intensity are reduced while BiBaO 3 ones are increased (from Fig 1a to 1c) . This trend can be easily seen when observing the relative intensity between the peaks found at about 28.5 and 29.0 degrees, indicating that higher growth speeds reduce the amount of 222 phase and increase BiBaO 3 secondary phases proportion. This evolution can be explained by the increase on the solidification rate when the growth speed is raised. As a consequence, solidification is produced outof-equilibrium conditions leading to the formation of higher number of secondary phases.
SEM micrographs, performed on polished longitudinal sections for each growth speed, are displayed in Fig. 2 . They show that samples possess very low porosity which slightly increases with the growth speed (small black spots in Fig. 2a important manner (from 15 to 28 and 0.5 to 10 vol.%, respectively). These changes can be associated to the modification on the solidification rate discussed previously.
Moreover, higher growth rates produce a higher number of nucleation centres which lead to lower grain sizes (see Fig. 2 ).
In order to study the effect produced by these microstructural changes on the thermoelectric properties, the temperature dependence of the electrical resistivity, as a function of growth rate, has been measured and represented in Fig. 3 . In this figure it can be clearly seen that room temperature resistivity is decreased when the growth rates are reduced which confirms the higher grain size and orientation found in samples grown at lower rates. When considering the general resistivity behaviour as a function of temperature, samples grown at 90 mm/h show a marked semiconducting-type response with temperature. On the other hand, only slight semiconducting-like behaviour is found for samples grown at 30 mm/h while it is nearly temperature-independent in samples grown at 15 mm/h. In any case, the lowest resistivity values correspond to the 15 mm/h grown samples, in all the measured temperature range. These changes are mainly due to two main factors: first, reduction on the number and proportion of secondary phases, and second, increase of the gain size and alignment when the growth rate is reduced.
Both factors lead to an important reduction on the resistivity values, reaching around 17 mΩ.cm at room temperature for samples grown at 15 mm/h which is slightly higher than the best reported values, around 6 mΩ.cm. 21 In Fig. 4 it is presented the Seebeck coefficient variation with temperature for the samples grown at different rates. In all the cases, S is positive in the whole range of measured temperatures, indicating a predominating hole-conduction mechanism. When comparing the S values at room temperature, it can be observed that they follow a parallel evolution with the electrical resistivity, they decrease with the growth rates. This effect is due to the same factors responsible for the electrical resistivity reduction, as explained in the precedent paragraph. However, the measured S values are ranging from 125 µV/K to 145 µV/K for samples grown at 15 and 90 mm/h, respectively, which are higher than best reported value for this material, around 90 µV/K at room temperature. 21 Furthermore, S values increase from room temperature until they reach a maximum at about 300 ºC, decreasing at higher temperatures for samples grown at 90 mm/h. The same behaviour is found for those samples grown at 15 and 30 mm/h, which reach their maximum values at around 400 ºC and a less-marked decrease. The highest value at 650 ºC has been found to be ∼ 150 µV/K for the 90 mm/h grown sample around 140% higher than the best reported one for this composition at the same temperature (around 110 µV/K). 22 The reason for obtaining such high S values in the LFZ grown samples, with respect to those obtained on samples prepared using conventional synthetic routes, is due to the formation of considerable amounts of oxygen vacancies on the thermoelectric phase when samples are textured using the LFZ technique. 23, 24 This effect has also been observed in the misfit phase 
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